Abstract-Dual phase steels are gaining a wide array of applications in the automotive engineering fields and can be subjected to forming/ stamping process due to their good mechanical properties. However, it shows complex damage mechanisms which results intricate prediction of sheet formability. In this study, the mechanical Gurson-Tvergaard-Needleman (GTN) model was used to predict the micromechanical damage of Dual Phase steel by calculating the evolution of voids in matrix due to mechanical loadings. To adequate calibrate the GTN parameters, it was defined by sufficiently comparative method between mechanical behaviors and numerical analysis. After that, to verify the accuracy of determined parameters, different stress states on tensile tests of different specimens were experimented and then, compared with numerical simulation based on GTN model with determined parameters. It shows a good agreement of force-displacement response. To develop the damage curve, the numerical analysis and experiments was used by considering tensile tests of various sample geometries for verification. The results of damage curve used GTN model, von Mises and Hill'48 yield criterion in the calculations, show accuracy and effect of yield models.
the characteristic microstructure of the dual phase steels consisting of soft ferrite matrix and islands of hard martensite [2] [3] .while these steels have been deformed by the mechanical loading, the strain is concentrated in the lower strength ferrite phase surrounding the islands of martensite, and then create the unique high work hardening rate and excellent elongation will create dual phases steels with higher ultimate tensile strengths than conventional steels of similar yield strength. However, it shows new complex damage mechanism of this steel type [4] [5] [6] [7] [8] , as the void nucleation takes places not only at the interface between the phase which can cause the cracking of the martensite but also at inclusions and precipitations. Consequently, the prediction of sheet formability of this steel type is more complicated.
In recent years, the numerical analysis has been prosperously established to predict material behavior. However, the appropriate selection of failure criterion is an important basic factor for accurate prediction by the numerical analysis. The micromechanical Gurson-Tvergaard-Needleman (GTN) damage model [9] [10] [11] [12] is one of the ductile failure criteria which has been used to describe the ductile failure mechanism of the dual phase steel by calculating the evolution of voids in a matrix due to the applied mechanical loading. The traditional procedures to determine the parameters of the GTN mode for conventional ductile steels often found in literatures cannot apply with dual phase steels because of the complexity of failure of these steels.
Accordingly, based on this study, the parameters of the GTN model for dual phase steels grade DP780 was determined by numerical investigation using unit cells and experimental fitting as Ole west [13] done.
In case of formability of a sheet material, due to complex damage condition of dual-phase sheets, the initiation of micro crack based on the ductile crack initiation locus (DCIL) have to be considered to characterize the formability for ductile sheet steels. Consequently, in this study, GTN model parameters determination, aimed to develop the damage curve for crack initiation of dual phase DP780 [14] by numerical analysis based on GTN model failure criteria, the results of damage curve shows the crack initiation which is verified by Nakazima test of uniaxial sample and others yield criteria for considering the effect of the results 
III. GTN MODEL
According to damage curve was developed in this study by using the Gurson-Tvergaard and Needleman model as failure criteria which is a one of the micromechanical models having been used to predict the formability of ductile material by explaining the 3 failure mechanisms: nucleation, growth and subsequent coalescence of voids within the matrix of dual phase steels gradually leading to the failure due to mechanical loading. This model can be described, as in (1) . In view of the damage criteria function, if the function of the void volume fraction reduces to zero, the model will become the standard von Mises yield criteria.
The damage function in case that the micro-void volume fraction or porosity was considered, it can explain in (2)-(3). were determined by numerical analysis compared with the experimental result, as follows.
A. Initial void volume fraction ( 0 f ).
The initial void volume fraction or the initial porosity is the primary void volume fraction in the matrix of material which is assumed that the primary voids are the starting point of void evolution due to mechanical loading. Accordingly, the primary void volume fraction can calculate by the volume ratio of void to unit cell as shown in (5) .
If the initial void volume fraction has excessive value, it affects poor mechanical properties. However, if the initial void volume fraction was set to zero, the mechanical properties will depend on void nucleation factors. Accordingly, based on this study, the initial void volume fraction was set equal to 0.0003 which is often used in ductile steel. As shown in Figs. 2-3 , it demonstrates the comparable results of unit cell containing an explicit void under four stress triaxialities by numerical simulation via stress-strain curve and the development of void volume fraction curve. The curves show the influence of stress triaxiality on void volume fraction and the influence of equivalent plastic strain on the equivalent plastic stress. At the different stage of stress triaxiality, it shows similar slop, the rate of void volume fraction had stably increased until the point of maximum stress. Then the slop of void evolution is accelerated. After the cell collapse, the void evolution dropped in a linear function. 
B. The critical void volume fraction (
Normally, the recommended parameter pair is 1 q =1.5 and The critical void volume fraction for all stress triaxialities were defined by using the unit cell consisting of one axisymmetric element simulation based on GTN model under the critical evolution of void volume fraction and using the same conditions as unit cell containing an explicit void. The average results for all stress triaxialities is 0.012, as shown the fitting results of critical void volume fraction in each stress triaxiality in Table2. The factor K was fitted by using the same determination as the critical void volume fraction was determined. The appropriate factor K is 3.5 for all stress triaxialities
C. The characteristic plastic strain of secondary void nucleation ( N  ).
The characteristic plastic strain of secondary void nucleation was determined by using plane strain tensile test, combined with simulation analysis based on GTN model and direct current potential drop (DCPD) which is extensively used to investigate the micro-crack in the ductile material based on electrical principle. The electrical resistance is dropped while the void nucleation takes place in the specimen due to the testing mechanical loading. So, if the electrical resistance changed, the electric potential will change also.
During the tensile test, the changed electric potential is measured. It will clearly show the variation of characteristic loading at secondary void nucleation which is identified as the point of characteristic plastic strain of secondary void nucleation by numerical simulation analysis based on GTN model. For DP780, the result of the characteristic plastic strain of secondary void is 0.83.
D. The standard deviation ( N S )
The standard deviation is set to 0.2 which is often used as shown in literature review. It is the negligible value, used to describe the normal distribution of the void nucleation.
E. The secondary void volume fraction ( N f )
In order to fit the secondary void volume fraction, it can be determined by different flat tensile test which is the dog-bone specimen and central-hole specimen, ASTM standard conditions. After testing, the force-displacement curves, the results of each tensile test are compared with the result of numerical simulation in the same tensile test condition based on GTN model criteria. The best fitting result of secondary void volume fraction for the dog-bone specimen and the central-hole specimen is 0.002. Figs. (5) - (6) show the good relation of force-displacement curves between simulation result and experimental result which reveals to the accuracy of the simulation result Finally, all of the proper GTN model parameters for DP780, fitted by simulation and compared with the experimental results are shown in Table. 3. The Damage curve [15] is explained relationship between the stress triaxiality and the equivalent plastic strains. Bao and Wierzbicki [16] proposed that the stress triaxiality is singnificant parameter governing crack initiation besides the equivalent strain. Therefore, the damage curve [17] [18] in this study concerning with only positive stress triaxiality (0-0.8) of dual phase DP780 was developed at crack initiation and localize necking by numerical analysis of the tensile test of various sample geometry based GTN model failure criteria then the simulation results are compared with the others yield criteria simulation, verified the crack initial [19] and localize necking by the testing with DCPD method. Consequently, t7he plastic strain through the positive stress triaxiality range is defined at the point of changed electric potential characteristic.
The seven different geometry [14] of the tensile test are performed to predict the dependence of the fracture ductility in positive stress triaxiality. At high stress triaxiality (0.3-0.6) are identified by using tensile specimen which is uniaxial, Radius, U-, C-and V-notch specimen. In contrast, the pure shear and The equivalent plastic strain was identified at the highest stress triaxiality point on the middle path of each specimen at the initial crack time and at the first stages of localized necking time. Finally, the result of the developed damage curve by using GTN to indicate the plastic strain through positive stress triaxiality, compared with the results from others yield criteria and experimental tensile tests, are represented in Fig. 7 . Regarding, each parameter significantly relates in material properties and depends on material specification or grade of material. Therefore, it is essential topics for steel producer and developer to concern about the link between the microstructure or characteristic of material and the model material selection for material behavior prediction. For the GTN model, the localization effect has to be noted that a different element size used in simulation analysis so as to fitting the parameters can cause inaccuracy of fitted parameters As a results, the development of damage curve based on both crack initial and localized necking which uses the GTN model failure criteria compared with others yield criteria, the results of damage curve using GTN model was found that the localized necking was lower than the other yield criteria all range of stress triaxiality values. On the other hand, the damage curve for crack initiation was lower than all range of high stress triaxailities. But it was not different curve in low stress triaxiality range VII. ACKNOWLEDGEMENT I'm so thankful my advisors especially Prof. Dr. Surasak Surananthachai, for his kindness to give me valuable discussions. And the authors are appreciative to -Thai Summit Autopart Industry Co., LTD‖ for Material support in this study and -Technology Development Agency (NSTDA), Thailand‖ for financial support in NSTDA-University-Industry Research Collaboration (NUI-RC) Program.
